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A simplified method for the determination of diffusion coefficients, 
and the use of the latter in the  calculation of  molecular radii  and 
weights, have been described by Northrop and Anson (1).  The use 
of the method has been extended to the study of crystalline pepsin 
and crystalline trypsin, in an attempt to separate by fractional diffu- 
sion (2) molecules responsible for the proteolytic activity from those 
containing protein nitrogen.  The fact that no fractionation could be 
ascertained by this method, since the diffusion of proteolytic activity 
and of protein nitrogen ran parallel, was interpreted as evidence that 
the former is an integral property of the protein molecule.  The de- 
termination of the diffusion coefficient  of crystalline trypsin is here 
reported in detail. 
Assembly of the Apparatua.l--The  apparatus was assembled somewhat differ- 
ently from the description given by Northrop and Anson (1) and is illustrated in 
Fig. 1.  The outer vessel measured 6  X 20 era.  The siphon tube was 2 to 3 mrn~ 
inside diameter, so that the fixed error due to the fact that free diffusion does not 
take place into the liquid in the tube was negligible.  The outer vessel was held 
by a  large condenser clamp which in turn was mounted on a  ring-stand with tri- 
pod base, two of whose feet were fitted with thumb screws to facilitate leveling of 
the apparatus.  The outer vessel was partially submerged, as shown, in a  large 
water-bath set up in a room in which the temperature was maintained at 5  °  4-1°C. 
During the day when the room was used extensively and the temperature tended 
to rise, it was necessary to control the temperature of the bath by the addition of 
ice.  Care must be taken that the apparatus is mounted where it will not be sub- 
jected to vibrations or sudden jars.  To this end, the bath was not stirred me- 
chanically.  Also,  to  avoid  disturbances  during  the  withdrawal of  samples,  a 
rubber  tube of  small diameter and about 2 feet long was permanently attached 
to  the siphon tube during an experiment, and  the samples were withdrawn by 
1 This modified assembly was devised by Dr. Moses Kunitz. 
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suction  into  small flasks.  Fresh 
solvent was introduced through a 
notch in the side of the stopper. 
In  setting  up  an  experiment 
with  solutious of crystalline tryp- 
sin,  the  diffusion  cell  was  filled 
through the  stop-cock by  means 
of  a  capillary pipette,  since  the 
high viscosity of the solution made 
filling  by  suction  through  the 
porous membrane  very  slow.  A 
small  amount  of  mercury  was 
placed in the tube above the stop- 
cock to safeguard against leakage. 
The  desired  amount  of  solvent 
was  placed  in  the  outside  vessel 
(20 cc. was used throughout these 
experiments), and the cell mounted 
in posifiou and lowered until the 
membrane was 1-2 mm. below the 
surface of the liquid.  There is a fixed error here due to the fact that diffusion does 
not take place into that portion of the liquid which is above the level of the mem- 
brane.  However, a simple calculation showed that this error could be safely dis- 
regarded.  The plane of the membrane was made approximately parallel to that 
of the surface of the solvent by manipulation of the condenser clamp and the final 
leveling adjustment obtained by means of the thumb screws in the tripod base of 
the ring-stand. 
Equilibration was allowed to proceed for 2 hours to overcome any possible differ- 
ences in salt concentration between the two solutions, the outer solution being 
then withdrawn and discarded since it Contained only a small amount of trypsin. 
The apparatus was rinsed by introducing 20 cc.  of solvent, which  was likewise 
drawn off and discarded.  A fresh sample of solvent was then introduced and dif- 
fusion was allowed to proceed for the desired length of time.  The process of rins- 
ing was repeated each time a sample was withdrawn for analysis, all rinsing solu- 
tions being discarded. 
At the conclusion  of an experiment, the cell was washed out thoroughly with 
distilled  water and kept in  contact with  the  same solvent during  the interval 
between  determinations,  since  changes  arise  in  the  cell  constant  if  drying 
occurs. 
Calibration of the Apparatus.--Two cells were used in these experi- 
ments,  both  of  which  had  membranes  made  from Jena  glass  filter rfv.z~ray w.  sctt~  797 
discs.  2  The  internal  volume was  determined  by weighing  dry  and 
filling with water, very close checks being obtained by this method. 
The  values found were 24.55  cc.  for  Cell 2  and  5.09  cc.  for  Cell 4. 
A  cell was used with a  small internal  volume (Cell 4)  relative to the 
volume of solvent outside,  in order that  the fraction of the original 
solution which  diffused across the  membrane  should  be as large  as 
possible. 
The cell constant, K, was determined with carbon monoxide hemo- 
globin as the known substance, using the value for the diffusion coeffici- 
ent, D, reported by Northrop and Anson; namely, 0.0420 cm.  2 per day. 
Analysis was by measurement of total nitrogen by the micro Kjeldahl 
method.  The  results  were  checked by colorimetric  determinations. 
The values of K  were calculated from the extended form of the diffu- 
sion equation previously developed (1). 
2.3 K  ~1 ~  1  ~2S 
(1)  D--  (v1-1- v2) t  ogre_  (vl-k  v2) Q 
This equation was used throughout these experiments.  K  for Cell 2 
was found to be 0.054 and for Cell 4, 0.0315. 
Preparation of Trypsin.--Two  samples of crystalline  trypsin were 
used.  One was prepared from several samples of moist trypsin cake 
of different  ages in  current  use.  8  gin.  of cake was dissolved in  30 
cc. of 0.1 ~  acetate buffer at pH 4.0 and the solution was poured into 
150  cc.  of the  same  buffer  at  the  boiling point.  The  mixture  was 
cooled rapidly in running  tap water,  brought  to 0.4 saturation  with 
ammonium  sulfate, and filtered through  a  Schleicher and  Schull No. 
1450½ filter paper.  Ammonium  sulfate was added to the filtrate  to 
0.7  saturation  and  the  resultant  precipitate  was  collected  on  hard 
paper on a Buchner funnel.  6 gin. of moist cake was obtained.  This 
was  dissolved  in  40  cc.  of  0.5  saturated  magnesium  sulfate,  0.1 
acetate buffer, pH 4.0.  The  solution was used undiluted  for Cell 2, 
and diluted with an equal volume of solvent for Cell 4.  The specific 
4gv  activity, [T.U.]mg.N, was 133. 
2 The  Jenaer  Glaswerke, Schott  and  Genoden, Jena,  Germany,--American 
agent:  Fish-Schurman Corporation, 230  East  45th  Street,  New York,--is now 
prepared  to furnish diffusion membranes  made  according to the directions of 
Northrop  and Anson and fused onto diffusion cells. 798  CRYSTALLINE  TRYPSIN' 
TABLE  I 
Diffusion Coefficient of Crystalline Trypsin, 5°C. 
Experiment 1 
Solvent, 0.5 saturated magnesium sulfate, 0.1 ~ acetate, pH 4.0.  Sp. gr. solvent, 5 °C., 
1.115 gm. cm.  -3.  Viscosity solvent, 5°C., 0.0303 erg sec. cm.  -a. 
Cell No. 
2 
nternal volume 
=  24.55 cc. 
',ell constant = 
0. 054 
4 
nternal volume 
=  5.90 cc. 
'.ell constant = 
0.0315 
Original solution 
460  [T.U.]  4gV 
CC. 
3.45 mg. N/cc. 
Time 
days 
0.156 
0.708 
2.00 
Q, quantity 
diffused, of origi- 
nal solution 
By 
activity 
0.062 
0.281 
0.565* 
Average. 
Same as for Cell 2, di- 
luted with equal vol- 
ume of solvent 
0.156 
0.708 
2.00 
0.113 
0.433 
0.756 
By 
nitrogen 
0. 274 
0. 806 
m 
0.382 
1.03 
By 
activity 
in cm. t 
:per day 
O. 0214 
O. 0217 
O. 220 
0.0231 
0.0207 
0.0201 
0.0218 
4-0.0008 
D 
By 
nitrogen 
in cm. | 
per day 
0.0212 
0.0228 
0.0182 
0.0204 
0.020~ 
±0.0012 
Experiment 2 
Solvent, 0.5 saturated magnesium sulfate, sulfuric acid, pH 3.0.  Sp. gr. solvent, 5 °C., 
1.145 gm. cm.  -3.  Viscosity solvent, 5 °C., 0.0362 erg see. cm.  -3. 
Average.. 
1289 [T.U.I~{cV 
4.97 mg.N/cc. 
Same as for Cell 2, di- 
luted with equal vol- 
ume of solvent 
0.50 
1.00 
0.50 
1.00 
0.208 
0.318 
0.332 
0.512 
0.185 
0.323 
0.278 
0.532 
0.0226 
0.0176 
0.0217 
0.0182 
0.0200 
±0.002 
0.020~ 
0.017~ 
0.0181 
0.018~ 
0.018~ 
±0.000', 
* In calculating the values of  D  from these figures, a  correction has been ap- 
plied to compensate for the fact that the specific activity of the sample fell about 
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The second sample of trypsin was part of a  batch fresMy prepared 
from pancreatic juice and had been subjected to two heat treatments. 
4gV  Its specific activity was 60 [T.U.],~.N.  It was dissolved to about the 
same concentration as the  first sample, using as solvent, however, 0.5 
saturated magnesium sulfate brought to pH 3.0  (just  red to methyl 
orange) by the addition of sulfuric acid. 
Analysis of Samples.--Protein  nitrogen was precipitated from the 
sample by addition of an equal volume of 20 per cent trichloracetic 
acid (in two cases 5 per cent acid was used) and heating just to the boil- 
ing point.  The coagulum was collected on a  hard  filter paper  and 
washed with  10 per cent trichloracetic acid until the filtrate  gave a 
negative  test  with  Nessler's  reagent.  The  precipitate  was  then 
washed  into  a  small  Kjeldahl  flask  and  the  determination  carried 
out as described by Northrop (3). 
The determination of proteolytic activity was made by the gelatin 
viscosity  method  (4). 3 
The  results  of  the  diffusion  measurements  are  summarized  in 
Table I. 
DISCUSSION 
The value of the diffusion coe~cient found in  Experiment 2 is ap- 
parently somewhat less than that in Experiment I.  This discrepancy 
is attributable  to the difference in the viscosity of the solvents used, 
and  disappears  when one  calculates  the  molecular  radius (including 
water of hydration) from the equation (I). 
RT 
(2)  r  = 
6  'r',7 N  D 
The figures are 2.72 x  10 -7 cm. for Experiment  1 and 2.5 x  10 -7 cm. 
for Experiment 2.  This corresponds to an average molar volume for 
the hydrated protein of 44,700 cm.  S, calculated from the equation: 
4 
(3)  V =  ~  ~  r 3 N 
The relation of this figure to the one determined by osmotic pressure 
measurements, and to the extent of hydration calculated from viscos- 
ity determinations has already been discussed (2 b). 
s  These  measurements were carried  out  by Mr. Nicholas  Wuest and Miss Mar- 
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Examination of Table I  shows that the diffusion coefficient of crys- 
talline  trypsin  was  constant,  within  the  experimental  error,  where 
(1)  two widely different samples of the  enzyme were used;  (2)  two 
diffusion  cells  having  markedly  different  characteristics  were  used; 
(3) the pH was varied (4.0 in one case, 3.0 in the other) ; (4) the quan- 
tities  of  original  solution  diffusing were,  respectively,  4.6  per  cent, 
26.0 per cent, 2.1 per cent, and 14.0 per cent;  (5)  the result was de- 
termined by the rate of diffusion of both proteolytic activity and pro- 
tein nitrogen.  In other words,  despite these widely varying condi- 
tions, no evidence was found that it is possible, by fractional diffusion, 
to  separate  crystalline  trypsin into a  component responsible for the 
proteolytic activity and one containing the protein nitrogen.  This is 
direct  experimental  evidence that  the  enzyme exists  as  an  integral 
part  of, or in chemical combination with, the protein molecule, and 
not as part of an adsorption complex.  It is also of interest that the 
molecules formed by  spontaneous  inactivation  of  the  enzyme have 
the  same  dimensions as  those  of  active  material,  since  the  specific 
activity  of  the  partially  inactivated  sample  was  not  changed  by 
diffusion. 
SUMMARY 
The  diffusion  coefficient  of  crystalline  trypsin  in  0.5  saturated 
magnesium sulfate at 5°C. is 0.020 4-0.001 cm3 per day, corresponding 
to a molecular radius of 2.6 x  10 -7 cm. 
The rate of diffusion of the proteolytic activity is the same as that 
of the protein nitrogen, indicating that these two properties are held 
together in chemical combination and not in the form of an adsorption 
complex. 
The author wishes to take this opportunity to thank Dr. John H. 
Northrop for suggesting these experiments, and Dr. Moses Kunitz for 
his kind cooperation in conducting them. 
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